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ABSTRAC

This unit des several established genetic approaches for Corynebacterium diphtheriae,
the ca [ gent of diphtheria that provided acknowledgedly key evidence for Koch’s
postul erm theory. First, it includes a detailed gene deletion method that

generates non-polar, in-frame markerless deletion mutants, utilizing the levansucrase SacB
as a counfér-selectable marker. Second, it provides a thorough protocol for rescuing deletion
mutants u&oﬁ-Corynebacterium shuttle vectors. Finally, a Tn5 transposon
mutagene edure is described. In principle, these protocols can be used for other

Coryneba species including Corynebacterium glutamicum and Corynebacterium
matruchotil.

Basic Fﬁ&ene deletion in C. diphtheriae
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Basic Protocol 33I'n5 transposon mutagenesis of C. diphtheriae
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INTROD
[

[ ]
More thanil 20 Corynebacterium species with available genome assemblies are listed in
NCBI, at : w.ncbi.nIm.nih.gov/genome. The most well-known among these high GC-
content Gg@m-pagitive bacteria are Corynebacterium diphtheriae and Corynebacterium
glutamicu ithfthe former widely recognized for its disease caused by the exotoxin

diphtheria toxigsand the latter for its industrial value of amino acid productions (Cozzi et al.,
2011). Fag@lle/@engtic tools for Corynebacterium species have been credited to the initial
developmefAPofectors for gene deletion and complementation in C. glutamicum (Ankri,

Reyes, & 1996; Eikmanns, Kleinertz, Liebl, & Sahm, 1991; Schafer et al., 1994).
Later, Tn5 transp@son mutagenesis was developed for C. diphtheriae, C. matruchotii, and C.
glutamicum (D. M. Oram, Avdalovic, & Holmes, 2002; Suzuki et al., 2006; Wang, Hayes,

Vestling, Eama, 2006).

Here, in Basic Protocol 1 we describe how to generate a non-polar, in-frame,
markerleﬁeletion mutant in C. diphtheriae. In Basic Protocol 2, we provide a detailed

procedure o construct a complementing plasmid to rescue a deletion mutant. Finally,
in Basi , we describe how to perform Tn5 transposon mutagenesis and identify
Tn5ins

. Corynebacterium diphtheriae is a Biosafety Level 2 (BSL-2) pathogen. All
procedures must be performed following guidelines for handling pathogenic microbes.

STRATEMNNING

C. diphthe @ 3in NCTC13129 and its isogenic strains are streaked from frozen -80°C
stock vials@phedrt infusion agar (HIA) plates and incubated at 37°C for 16 to 24 hours prior

to any expe ; these plate can be stored at 4°C for about a week. Heart infusion broth
for growing corynebacteria in liquid cultures needs also to be prepared in advance. If
neede n or chloramphenicol is added to these media to the final concentration of

25 HQ/WL respectively.

E. coli Eia and S17-1 strains are grown on Luria-Bertani (LB) agar plates or in LB

broth at 3 2 hours. Depending whether these strains carry a vector with an
antibiotic-resi gene, kanamycin or chloramphenicol is added to these media to the final
conce f 50 ug/ml or 10 ug/ml, respectively. Agar and broth media are also prepared

e plasmid DNA from these vectors using commercially available kits.
. coli and C. diphtheriae) are prepared, using the rubidium chloride

in advanc
Competent cells
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method for E. coli (Mulhardt, 2007) and a combination of tween-80 and glycine for C.
diphtheriae (H. Ton-That & O. Schneewind, 2003), respectively, and kept at -80°C prior to
usage.

BASIC Plﬂt GENE DELETION IN C. diphtheriae

In 1994, Schaferand colleagues described some small mobilizable vectors based on the E.
coli plasnmw and pK19 that are used to generate gene deletion mutants in C.

glutamicufh (Schafer et al., 1994). Since then, these vectors have widely been used in

G

genetic mapipdlation in several Corynebacterium species including C. diphtheriae and C.

S

matrucho et al.,, 2018; H. Ton-That & O. Schneewind, 2003). One of the vectors

utilized is pK19mpbsacB, which contains many useful features including a multiple cloning

U

site within fragment, a kanamycin resistant cassette (Kan®), mob (DNA region for

1

mobilizati 4), and sacB coding for levansucrase (Fig. 1A). When expressed in C.

diphtheriag’, sucrase SacB metabolizes sucrose, leading to accumulation of toxic

d

byproducts; thuS, SacB has often been used as a counterselective marker (H. Ton-That & O.

Schneewind;

I\

[*Place figure 1 near here.]

I

9

In this protocol, we describe a detailed procedure to a generate non-polar, in-frame,
markerles in C. diphtheriae by double-crossover homologous recombination using

pK19mob sed on a previously published protocol (H. Ton-That & O. Schneewind,

N

2003). harboring a deletion construct is delivered to C. diphtheriae from E. coli

t

S17-1 by €onjugation. Integration of this plasmid into the C. diphtheriae by a first crossover

U

event is selectediby kanamycin. The second crossover, leading to excision of the plasmid, is
selected b se. In principle, this protocol is applicable to generate gene deletion

mutants atrochutii as previously reported (Luong et al., 2018). RNA preparation and

A
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RT-PCR are described to evaluate the gene expression for the deleted gene and its adjacent

genes.

T

MaterialsQ

€ UStTR™PFimers for gene deletion (Fig. 1B) (see Primer Design below)

d F1
everfge R1
dF2

o O O O

me N
o Chremos@mal DNA of strain NCTC 13129 (see Basic Protocol 2)

° Plasaj pK19mobsacB (Schafer et al.,, 1994) (see Fig. 1A); available at Nova

ﬁ:imited (Cat #10633)

e 0. tube

o PC ification reagents
o WP kit (NEB, Cat. # M0530S)
o 10 dNTP mix

. s at 42°C, 65°C and 55°C
e Ther cler
. ent for gel electrophoresis

phoresis chambers
o Power suppliers

o el casting trays
o Qi A Miniprep kit (Cat # 27106)

o Regge or DNA isolation and purification

o m solved agarose gel in TAE buffer
o AE Buffer (see Reagents and Solutions)
o plus DNA marker (user’s preference)
ididm bromide (EtBr) (1mg/ml)

o I1OX %I loading dye (see Reagents and Solutions)
o e A Recovery kit (ZymoResearch, Cat. # D4001 or D4001T)

o mnding Buffer (ZymoResearch, Cat. # D4004-1-L)
e H jon enzymes from NEB and 10X CutSmart buffer

. q@ op spectrophotometer

e Ligation réagents:
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O
O

T4 DNA 10X Ligase Buffer (NEB)
T4 DNA Ligase (NEB)

SOC medium (see Reagents and Solutions)

E\Ils of E. coli DH5a and S17-1

Enzymes from NEB and 10X CutSmart buffer
Eeagents and Solutions)

LB tes (Reagents and Solutions)

a
m (FisherScientific, Cat # BP906-5) (50 mgl/ml)
Wed 2X Master Mix (Genesee Scientific, Cat # 42-137)

Sﬁd 5% monosodium glutamate, sterile-filtered
Naliglix id (FisherScientific, Cat. # BP908-25), 35 mg/ml in 0.1 M NaOH
HIA plates (Reagents and Solutions)

H

C

eart i ion (HI) broth (Reagents and Solutions)
. @ iae strain NCTC 13129

°C air incubators

Steriliz crapers, spreaders and tooth picks

R

rose (sterile)
NA preparation reagents:

gucleoSpin® RNA (Macherey-Nagel, Cat. # 740955.10 / .50 / .250)
B-mercaptoethanol
8cad Tubes Type B (MP Biomedicals, Cat. # SKU 116911100)

BeadBUg microtube homogenizer (Benchmark Scientific, Cat. # D1030)

c preparation reagents:
primers (Invitrogen, Cat. #48190-011)

o I10 m!dNTP mix (NEB)
o Reverse Transcriptase (Invitrogen, Cat. # 28025013)

o

OUT Recombinant Ribonuclease Inhibitor (Invitrogen, Cat. #10777-019)
ents and supplies

sets for target genes and 23S rRNA:
23S rRNA Forward: GCCGCTTTAATGGGCGAAC
rRNA Reverse: GGGACTAGTGATCCGGCACC

This article is protected by copyright. All rights reserved.
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o iTaq Universal SYBR Green Supermix (Bio-rad, Cat. #1725120)
o 96-well white gPCR plates and adhesive sealing films
e CFX Connect Real-Time PCR Detection System (Bio-rad, Cat. # 1855201)

Construcdene deletion cassette

1.

Designghag hiimer sets (F1/R1) and F2/R2); see Materials for PCR amplification of ~1
kb-flarhions upstream and downstream of a gene of interest, respectively (Fig.

1B). Sihce CYdiphtheriae is a high GC organism, the melting temperature of each primer

¢

set should be similar and around 60°C. Generally, primers are designed to generate 1-kb

S

fragm (APand B) for a high frequency of homologous recombination; nonetheless, at

a minimum -kb fragments are needed.

U

Perfor CR reactions, using chromosomal DNA of strain NCTC 13129, generating

[

2 frag and B (Fig. 1B).

d

a. PAR fgacon (50 )
Phusion HF buffer

1 P (10 mM)

\%

1wl Forward primer F1 or F2 (10 pmol/pul)

1 verse primer R1 or R2 (10 pmol/pul)

F

1 omosomal DNA (70 ng; see Basic Protocol 2, Steps 1-17)

e

(v husion DNA polymerase

h

iQ water

:

cler program:

Step 1: 9&'C, 3 min

Ul

Step 2: °C, 20 sec; Tm (°C), 15 sec; 72°C, 20 sec] 35 cycles

72°C, 5 min
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Step 4: 12°C, hold

3. Separite theECR products by gel electrophoresis and purify the two fragments by gel
extr er the manufacturer’s instructions (Gel DNA Recovery Kit;

4. Iifrrf]gr-PCR, using the two purified PCR products above as templates,
linking fragments A and B to generate AB (Fig. 1B)
a. 5(Ectlon (50 ul):
10 Phusion HF buffer
1 up (10 mM)
1 wﬂer F1 (10 pmol/pul)
1 er R2 (10 pmol/pul)
5og;ment A (template 1)
50 Fragment B (template 2)
1 sion DNA polymerase
Mmr added to 50 pl

b. Therma ler program

C, 3 min,

Stg 2:[98°C, 15 sec; Tm (°C), 15 sec; 72°C, 1 min] 35 cycles]

5. Purify Se linked fragment after PCR amplification by gel extraction, digest the fragment

by aWestriction enzymes, and ligate into pK19mobsacB.

a. Digestion;f vector or PCR fragment
2t03 Vector or purified PCR fragment
10X CutSmart Buffer

This article is protected by copyright. All rights reserved.
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6. Th

(st

Restriction enzyme 1

—_—
=

Restriction enzyme 2

—_—
i=S

er to a final volume of 30 ul. Incubate the reaction at 37°C for 2-3 h. Stop the

Dt

ions by incubating the tubes at 65°C for 20 min. Purify the linearized
el extraction, and measure DNA concentrations by NanoDrop.

f the digested PCR fragment

C)(_ja’

volumes (60 pl) of DNA Binding Buffer (ZymoResearch) to the digested
iIAn and mix well before loading the mixture onto a Zymo-Spin column in a

on tube. Using a microfuge, spin it at 10,000 rpm for 30 sec and discard

LS

te.

he column by adding 200 ul of DNA wash buffer to the column and spin at

rpm for 30 sec. Discard the flow-through. Repeat the wash once more.

iii)) '.a new 1.5 ml collection tube under the column. Add 15 pl pre-warmed
) DNA elution buffer directly to the center of column. Wait for 30 to 60 sec

centrifuging for 1 min at 12000 rpm to elute DNA. Check the DNA

)

concentration by NanoDrop.

Ligation reaction (molar ratio of insert and vector at least 5:1 or 10:1 if possible)

[

Vector DNA (5.6 kb)

© O,
o O

Insert DNA (2 kb)

1X ligation Buffer

h

DNA ligase

{

to a final volume of 20 ul. Incubate the reaction at 25°C for 2-3 h.

U

aw f 50 pl E. coli DH5a competent cells on ice. Add 10 pl of the ligation mix

the competent cells; incubate the cells on ice for 20 min prior to heat-shock

A
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treatment at 42°C for 40 sec; and immediately incubate the cells on ice before adding
250 pl of SOC medium kept at room temperature.

InClMeransformed cells at 37°C with gentle shaking for 1 h; harvest the cell pellet
by ce using a microfuge at 15,000 rpm for 3 min; discard 150 ul of the
superratantmiiesuspend in the remaining supernatant and spread the entire suspension
onto ahar plate containing 50 ug/ml kanamycin (Kan) (selection for pK19mobsacB)
or ap riatgl antibiotics if different vectors are used; and incubate the plate overnight at
37°C. W

Pick 10to 20 transformants using sterile pipette tips and transfer them to a LB agar plate
containing thé same antibiotic, i.e. Kan, by making a short streak. After a few hours of
incub 7°C, the transferred colonies are ready for colony-PCR.

Perfor -PCR to check the presence of the insert, using the forward and reverse

prime@D

R: In each PCR tube, add 8 pl of sterile water; suspend cells from a single

p 8) using pipette tips; add 1 ul of each primer (F1 and R2; see Materials),
ollowed by adding 10 ul of Apex Taq Red 2X master mix; mix well by vortex; and

pe!orm a quick spin in a microfuge prior to PCR-amplification.

Note: JMtemperature (Tm) is primer-dependent and calculated in the presence of

1.5 mV Cl,, and the extension time is calculated using 30 sec per kb.
b. gcler program

Step 1: 95°C, 8 min

°C, 20 sec; Tm, 15 sec; 72°C, extension time] 25 cycles
Ste C, 3min

°C, hold
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10. Check the PCR products for the presence of the insert with its correct size by agarose

gel electrophoresis.

T

11. Choos’ms verified from Step 10 for plasmid DNA miniprep using Qiagen plasmid

prepa itsm according to the manufacturer’s instructions, followed by plasmid

digestjgn using the same restriction enzymes mentioned in Step 5a.

12. PIasm@uf verified clones is used for transformation with E. coli S17-1.

Transfw: Add 1 pl of plasmid DNA from Step 11 to 50 ul of E. coli S17-1

competent cells; perform the heat-shock procedure (see Step 6); and plate 50 ul of the

cell su iOh onto an LB agar plate containing Kan (50 pg/ml).

13. Pick Zgan-resistant colonies for storage at -80°C in 1 ml of 5% BSA (w/v) and 5% (w/v)

monomlutamate (sterile filtered).

Bacteri tion and selection of gene deletion mutants

14.1Ino I-cultures of C. diphtheriae in HIB (see Materials) and E. coli S17-1
harboring pK19mobsacB with a gene deletion construct as described above in LB

supplh with kanamycin (50 pug/ml) at 37°C overnight with shaking.

15. Harvell pellets from 1.5 ml of each culture above by centrifugation at 6,000 x g

for 3 min; spend each cell pellet in 0.5 ml of HIB; combine them together into one
Epﬁl; and quickly vortex.

16. Pelwmixture by centrifugation at 6,000 x g for 3 min and incubate undisturbed
at 30°C for
17. Discard 80 of the supernatant and thoroughly mix the cells in the remaining medium

by :
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18.

19.

20.

21.

Transfer the cell suspension onto a HI agar plate as a single spot and incubate the plate
at 30°C to allow conjugation to occur overnight.

Thew add 1 ml of HIB onto the plate, scrape off the cells and gently resuspend
the ceing.

Spreads200mml of the cell suspension onto a HI agar plate containing nalidixic acid (35
pg/ml)hn (25 pg/ml) (HIANal35Kan25), and incubate at 30°C for 2-3 days or until
colonigs are Jisible.

Pick molonies using sterile toothpicks by streaking onto a new HI agar plate
containing the same antibiotics as listed above and incubate the plate at 30°C for 2-3

days.

U

22. Pick 2 for storage at -80°C in 1 ml of 5% BSA and 5% monosodium glutamate
(see g

Note: Per@;ny—PCR, using primers F1 and R2, to verify these co-integrates (plasmid
int iate the chromosome).

23. Inoculate cultures from an integrate colony in HIB without any antibiotics at 30°C
ov . next morning, spread 50 ul of the overnight cultures onto an HI agar plate

24.

25.

contai!ng 10% sucrose (HIA10S).

Pick at 20 colonies using sterile toothpicks and patch each colony onto a HIA10S
plate, g by patching with the same toothpicks onto a HIANal35Kan25 plate.
Inocul lates at 30°C overnight.

Using Frlmeri F1 and R2, perform colony-PCR with at least 10 patched colonies from

the H late that are sensitive to nalidixic acid and kanamycin (growth on the
sucro and no growth on the HIANal35Kan25 plate) for the loss of the gene of
inter . the presence of 2-kb amplicons.

This article is protected by copyright. All rights reserved.
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26. Further confirm these mutant clones by RT-PCR (see below, steps 28-53) or western

blotting if antibodies are available.

{

27. Pick Ziconfirmed mutants for storage at -80°C in 1 ml of 5% BSA and 5% monosodium

gluta @

[}
RNA isoldtion and RT-PCR

28. Inoculdte 3-Ml overnight cultures in HIB from a single colony of the mutant strain above
(appli ny corynebacterial strains).

29. Harvest thescells by centrifugation at 6,000 x g for 10 min.

30. Resuspend the cell pellets in 0.8 ml of RA1 buffer and 8 ul of 14.3 M B-mercaptoethanol.

Note: 10-2 TT or TCEP can be substituted for B-mercaptoethanol.

31. Trans ove cell suspension to ice-cold Bead Tubes (Type B) and place on ice for
at lea

32. Lyse the by mechanical disruption using a BeadBug Microtube Homogenizer for 30
sec, speed setting of 4000, for 3-4 times. Keep the tubes on ice for 1 min after each
time ofatli jon.

33. Centrif] tube at 13000 x g for 1 min and transfer to lysate to ice-cold 1.5 ml-tubes.

34. Filtratg{th tes by applying into a NucleoSpin® Filter (violet ring) and centrifuging at
11,00 1 min.

b

dusS

37.De
for 1 min.

38. DNA rgmoval — First, mix 10 ul rDNase (provided from the kit) to 90 ul Reaction Buffer;
then t 5 ul of the mixture onto the center of the silica membrane of the column;
and ing@Bat&at room temperature for 15 min.

39. 1% wa dél 200 pl Buffer RAW2 and centrifuge at 11,000 x g for 30 sec.

40. 2" wash = Add 600 pl Buffer RA3 and centrifuge at 11,000 x g for 30 sec.

41. 3" wagh — Add 250 pl Buffer RA3 and centrifuge at 11,000 x g for 2 min.

42. RN i Add 40-60 ul RNase-free H,O and centrifuge at 11,000 x g for 1 min to
elu

43. Measure RNA concentrations using a NanoDrop spectrophotometer and store RNA
sampl -80°C for future usage.

35. Ad olume of 70% ethanol to the filtrated lysates and mix by pipetting.
36. RNA img.— Load the samples to NucleoSpin® RNA Columns (light blue ring) and
centri 1,000 x g for 30 sec.

d 350 ul MDB (Membrane Desalting Buffer) and centrifuge at 11,000 x g

{

th

U

44. Add t ng components to a nuclease-free PCR tube:
250 ng of primers
50 otal RNA

This article is protected by copyright. All rights reserved.

12



1 pl of 10 mM dNTP Mix

Nuclease-free water to 12 ul

46. InClMJbe at 65°C for 5 min and then keep it on ice for 2 min.

47. Briefly, e and add 4.0 pl of 5X First-Strand Buffer, 2.0 ul pl of 0.1 M DTT, and 1
Ml RN combinant Ribonuclease Inhibitor (40 units/ul).

48. Gefitly"PetHe content and incubate at 37°C for 2 min.

49. Add 1 f M-MLV Reverse Transcriptase, mix gently, and incubate at 25°C for 10 min,
then 37 50 min, and finally at 70°C for 15 min.

50. Store the resdlting cDNA samples at -80°C for future usage.

51. Dilute eachestock cDNA with a ratio of 1:100 and 1:1,000,000 for genes of interest and
23Sr regpectively.

S

52. Add t he diluted cDNA samples 5 pul of iTAQ SYBR green supermix (2X) and 1
I of primer (forward and reverse primers for target genes and 23S rRNA)

b

53. Seal t with optical transparent film and quick spin for 30 sec to remove any
bubblgs and sediment all the mixture to the bottom wells.

A

53.Run R eaction with the following program, using a CFX Connect Real-Time PCR
Detecfion em (Bio-Rad) and check the products by gel electrophoresis for the
presen sence of the amplicons.

ct

Step 1

in, 1 cycle

Y

Step 2 ec; 60°C, 10 sec; 39 cycles

Add the following steps for melting curve analysis if needed

I

Step 3: 9 sec

Step 4: 6@0

Step 5:in om 65°C to 95°C in increments of 0.5°C

BASIC L 2: COMPLEMENTATION OF A MUTANT STRAIN

{

pCGL024 GL0482 (Ankri et al., 1996) are two E. colilCorynebacterium shuttle
vectors commonly used for complementation of mutant strains in C. diphtheriae, with the
former ha kanamycin resistance gene and the latter a chloramphenicol resistance
gene (Fig. . While pCGL0243 and pCGL0482 are multiple-copy plasmids, the
bacterigpfiagétbase plasmid pK-PIM (Fig. 2C) integrates into the corynebacterial

chromoso ig cither attB1 or attB2 site, whichever is available, often as a single copy (M.

L
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Oram, Woolston, Jacobson, Holmes, & Oram, 2007). For complementation, all three vectors
can be introduced into the cytoplasm of C. diphtheriae by electroporation; however only pK-
PIM can be delivered via conjugation.

[*Place figﬂhere.]
Materials

N
. Wihnomic DNA Purification Kit (Promega Cat. #A1120)
e C. eriae NCTC 13129 (ATCC)
. Hlm(see Reagents and Solutions)
o 1

.gendorf tubes

e 50 MM A, pH 8.0

e Lysozyme (Sigma Cat. # 17651) ; 10 mg/ml

. Mﬂn (Sigma Cat.# M9901-10KU) ; 5 units/ul
NuDleiskysi

s Solution

80 4=zandst5°C water baths
o)
¢ Protein*Precipitation Solution

anoDrop spectrophotometer
e Sterile MilliQ H,O

e Cu imers (forward and reverse primers; 10 pmol/ul)
o PCR amplification reagents
n kit (NEB, Cat. # M0530S)

TP mix
e p (Kan®) or pCGL0482 (Cam®) shuttle vector (100-150 ng/ul)
e pKPIM (§nR) integration vector (350-450 ng/ul)
e 0. tubes
e Reag or DNA isolation and purification

ﬂ dissolved agarose gel in TAE buffer
AEaBuffer (see Reagents and Solutions)

This article is protected by copyright. All rights reserved.

14



o 1kb plus DNA marker (user’s preference)
o Ethidium bromide (EtBr) (1mg/ml)
o 10X gel loading dye (see Reagents and Solutions)
A recovery kit (ZymoResearch Cat. # D4001 or D4001T)

o inding Buffer (ZymoResearch Cat. # D4004-1-L)
10&filter-sterilized, kept at 4°C)

m0esicigse (filter-sterilized)

50@mnl conical tubes

1 .%endorf tubes

Drgice/ hol bath

H tion enzymes and 10X CutSmart buffer (NEB)

¢

Ligati agents:
o @T 10X Ligase Buffer (NEB)
o A Ligase (NEB)

S m (see Reagents and Solutions)

E.coli a competent cells

42° block

Sterile spreader

A ed 2X master mix (Genesee Scientific, Cat. # 42-137)

5% d 5% monosodium glutamate, filter-sterilized

C.\i iae competent cells

0.2 cm €lectroporation cuvette (Fisherbrand, Cat. # FB102)
ucose (filter-sterilized)

aiu

agents and Solutions)

M

LB (Reagents and Solutions)

ing 1% glucose (Add 1 ml of 20% glucose into 19 ml of sterile HIB)
7 competent cells
containing 25 pg/ml of Kanamycin (HIA Kan25)

]

ImI
6
@.

containing 35 pg/ml of nalidixic acid, 25 pg/ml of kanamycin (HIA Nal35

e

ontaining 50 pug/ml of Kanamycin (LB Kan50) or 10 pg/ml of
nicol (LB Cam10)
Electro tion device (Bio-rad Gene Pulser Xcell)

i

hth romosomal DNA isolation

A
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Chromosomal DNA can be isolated using commercially available kits. The following
procedure is used with the Wizard Genomic DNA Purification Kits with minor modifications.

1. Ha bacterial cells (strain NCTC 13129) from 1.5 ml of overnight cultures in

HIB by cemikifugation at 10,000 rpm for 5 min.
2. Discar@ pernatant and suspend the cell pellet in 480 pl of 50 mM EDTA, pH 8.0

3. Digest all by adding 60 ul of 10 mg/ml Lysozyme and 60 pl of Mutanolysin (300
units) testieseell suspension above gentle mixing; incubate at 37°C with gentle shaking
for at Igast 2 h.

4. Centri 0,000 rpm for 5 min and remove the supernatant.

5. Add 6@0 ul uclei Lysis Solution and gently resuspend the cell pellet by pipetting.

6. Incub °C in a water bath for 5 min to lyse the cell, then cool to room temperature.
7. Add 3196 NaseA (4mg/ml) to the cell lysate and mix by inverting the tube.

8. Incubmc for 1 hr

9. Add2 | 8 Protein Precipitation Solution to the lysate. Quickly vortex for 5 sec to

make solution is fully mixed.

10. Chill t@n ice for 5 min

11. Obtain the supernatant by centrifugation at 15,000 rpm for 5 min and transfer the
super@ another sterile Eppendorf tube.

12. Add 6 oom temperature isopropanol to the supernatant and gently mix the tube
by inveting.ita few times.

13. Spin déw DNA at 15,000 rpm for 5 min. (Use Sharpie to mark the location of white
pellet ol t be)

14. Ge t the S/N and add 600 ul room temperature 70% ethanol to rinse the

inside tube by gently inverting the tube a couple times before centrifuging the tube

at 15,0 for 5 min again.

15. Re cohol and allow the pellet to air dry for 30 min.

16. Add 100 ul of DNA Rehydration Solution and incubate at 65°C for 1 hr to dissolve the
DNA. Alternatively, the DNA can be rehydrated by incubation overnight at room
tempeL 4°C.

17. Check A concentration using NanoDrop spectrophotometer.

Preparati . diphtheriae competent cells

37 t.
19. Thwing, dilute the overnight cultures in 50 ml HTGS (see Reagents and

Solutijve starting ODggo of 0.1; grow cells at 37°C with shaking until ODggo

18. InocuISe 10 ml cultures of C. diphtheriae in 1X HIBTW (see Reagents and Solutions) at

between 0.4 @nd 0.6 (roughly 3 to 4 h).
20. Chill t e flasks on ice for at least 15 min before transferring the cultures to a

sterile 5 nical tube, which is also kept on ice.
21.Ha cells by centrifugation at 4°C at 6,000 x g for 15 min in Beckman Avanti J-E

centri 14.5 rotor).
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22. Decant the supernatants and completely suspend the cell pellets in 20 ml of sterile pre-
chilled 15% glycerol (no clumping).

23. Wash the cells by centrifugation at 6,000 x g for 15 min and resuspension with 20 ml of
sterw'/o glycerol, followed by centrifugation.

24. Discar upernatants and resuspend the cell pellets in 2 ml of sterile pre-chilled 15%
glycera

25. Make ots of the competent cells in pre-chilled 1.5 mL Eppendorf tubes, snap-
freazemtemaliguots by dipping into a dry ice/alcohol bath, and store them at -80°C for
future @sage.

Construc@ complementing clone

26. Desig d and reverse primers (see Materials) for PCR-amplification of a gene of
interemng its promoter region from C. diphtheriae chromosomal DNA, with
appropriate ¥estriction enzyme sites on each end of the primers.

27. Perfor nd purify the PCR products by gel extraction according to the
manuf kit instructions.

a. 4PCR reaction
% 5X Phusion HF buffer

dNTP (10 mM)

forward primer (10 pmol/pl)

reverse primer (10 pmol/ul)

chromosomal DNA (70 ng) (see Steps 1-17)
Phusion polymerase

ﬁo to 50 ul
b. §PCR program

. 98°C, 3 min
% [98°C, 20 sec; Tm, 15 sec; 72°C, extension time] 35 cycles
: 72°C, 3 min
ﬁ 12°C, hold
28. Diges R products and an appropriate vector (pbCGL0342, pCGL483 or pK-PIM)
triction enzymes mentioned in Step 26; see Step 5 (Basic Protocol 1) for

This article is protected by copyright. All rights reserved.

17



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Perform ligation reactions with the purified PCR products and vector in Step 28 (see
Step 5, Basic Protocol 1, for ligation).

Per%ormation with the ligation mix (Step 29) and E. coli DH5« competent cells
and sele r a complementing plasmid (see Step 6-8, Basic Protocol 1).

Note: tes containing 50 ug/ml kanamycin are used for selecting pCGL0243
and.oK—PIMI' f?r pCGL0482, 10 ug/ml chloramphenicol is added to agar plates.

Perfo -PCR to check the presence of the insert, using the forward and reverse

1

primen§’mentioned in Step 26 (see Step 9-11, Basic Protocol 1).

Plasmid of verified clones is isolated, using a Qiagen Plasmid Prep kit, and

SC

subje NA sequencing to further confirm the insert.

Pick 2 posi clones of each construct for storage at -80°C in 1 ml of 5% BSA and 5%

U

monosodium glutamate.

Fl

Thaw ompetent cells on ice, add to the cells 300 to 500 ng plasmid DNA (Step

32), tr e mixture to a 2-mm pre-chilled electroporation cuvette, and keep it on ice

d

for 10 min {Save the competent cell tube).

Perfor roporation with a Bio-Rad GenePulser Xcell with settings of 2.5 kV, 25 uF

i

an

Immediately transfer the electroporated cells to the saved tube containing 900 ul HIB

I

suppl with 1% glucose; incubate the tube at 37°C with gentle shaking for 1 h.

Sprea 300 ul of the cell suspension onto an HI agar plate containing 25 pg/ml

kana incubate the plate at 37°C for 48 h or until colonies appear.

N

Pic for storage at -80°C in 1 ml of 5% BSA and 5% monosodium glutamate.

{

Note: ¥ pK-PIM is used, it can be delivered into C. diphtheriae by conjugation. In that

case plasmiddDNA in Step 32 is used to transform E. coli S17-1 prior to performing

U

bacterial gation (see Basic Protocol 1, Steps 14-20).

A

BASIC PROT L 3: TN5S TRANSPOSON MUTAGENESIS OF C. diphtheriae
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Tn5 transposon mutagenesis has been reported in many corynebacterial species including C.
diphtheriae (D. M. Oram et al., 2002), C. matruchotii (Wang et al., 2006), and C. glutamicum
(SUZUkiGMOG). Tn5 transposon is commercially available as kits, which contain a
stable Tr @ me complex, consisted of EZ-Tn5 transposase and EZ-Tn5<Kan-2>
transpasommmlleml ransposome complex is delivered into the corynebacterial cytoplasm by
electroporLd the Tn5 transformants are selected by kanamycin. Here, we describe a
detailed p@)f Tn5 transposon mutagenesis for C. diphtheriae using an EZ-Tn5<Kan-
2>Tnp Tr me kit obtained from Lucigen and a protocol of identifying Tn5 insertion
based on rifal asymmetric interlaced PCR (TAIL-PCR)(Nakayama, Soma, Rahmutula,

Ozawa, & Kanmatsuse, 2001; Singer T., 2003).

Materials!

. E@Kan-bﬁp Transposome (Lucigen, Cat. # TSM99K2)
o Ge rXcell (Bio-rad) for Electroporation

. jiae competent cells

e 02cC troporation cuvette (Fisherbrand, FB102)

. e containing 25 pg/ml of kanamycin (HIA Kan25)

o containing 15% glycerol

e 15-ml conical tubes

n5-1-F: TGCAGTTTCATTTGATGCTCGATGAG (919-944)
w n5-2-F: ACCTACAACAAAGCTCTCATCAACC (1127-1151)
o -1-R: NGT CGA SWG ANA WGA A (N= A/G/C/T, S= G/C, W= A/T)
o Reagentgor DNA isolation and purification
solved agarose gel in TAE buffer
ffer (see Reagents and Solutions)
plus DNA marker (user’s preference)
jum bromide (EtBr) (1mg/ml)
o 10X gel loading dye (see Reagents and Solutions)

o
o T
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o Gel DNA recovery kit (ZymoResearch Cat. # D4001 or D4001T)

Tn5 transposon mutagenesis

1. Thaw C. diphtheriae competent cells (see Steps 18-25, Basic Protocol 2) on ice.
2. Add 1 0 -Tn5<Kan-2>Tnp Transposome (Lucigen; 80 ng transposon DNA) to the
41 ot s p p (Lucig g p )
compwls and incubate the mixture on ice for 10 min before transferring the cell

mixtur@e-chilled 0.2-cm electroporation cuvette.

3. Perform electroporation (see Steps 35-36, Basic Protocol 2).

4. After mration, transfer the entire transformed cells to 9 ml HIB in a 15-ml conical
tube. ipreafo-ul aliquots of the transformed cells onto HIAKan25 plates (~20 plates),
and incubate them at 30°C until colonies are visible (1 to 2 days).

5. Pool Gesistant colonies into a 15-ml conical tube containing ~10 ml HIBKan25
and 1 erol; make 1-ml aliquots and store them at -80°C for future usage.
Alternativelf#"individual colonies can be stored in 98-well plates.

IdentifEfnS insertion sites

6. Perform 1% PCR-amplication with individual Tn5 mutant colonies

[

a. P on

2-Tn5-1-F primer (10 pmol/ul)

©

AD-1-R primer (10 pmol/pul)

h

mixed with colony

{

Apex Taq Red 2X mater mix

b. PCR progfam

U

Ste C, 8 min

5°C for 20 sec, annealing time for 25 sec, 72°C for 1min] 40 cycles
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Note: Set T,, starting from 55°C and decreasing 0.5°C each cycle

7. Perform 2" PCR-amplification with PCR products from Step 6

a. *reac!ion

4 @roduct from Step 6

H pimmmiGan2-Tn5-1-F primer (10 pmol/ul)

I
-3
50 Apex Taq Red 2X mater mix
Dimreaction mix into 4 PCR tube with 25 ul each and place each tube inside a
thermal ;Ier for each temperature setting.
b. Gr CR program
Stgc, 3 min

St@% for 25 sec; Tm is set between 44° to 50°C for 20 sec; 72°C for 1 min]

AD-1-R primer (10 pmol/pul)

Step 3; C, 2 min
ep 4. , hold

8. Separ!e the PCR products by gel electrophoresis and extract the brightest bands for

DNA's ing
Note: Doducts are found, repeat the PCR program at Step 6 using the 4 PCR

produgts from Step 6 as templates with primer Kan2-Tn5-1-F replaced by primer Kan2-

o

Tn

It

REAGENTS AND SOLUTIONS

1. SOC (1L)

20 g/L to-tryptone
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59/L Bacto-yeast extract

25mM  KCI

0.5 H& (pH 7.0)
Add and adjust pH to 7.0 with 5N NaOH before autoclave.

Add 5 gl M 2 M MgCl; and 20 ml of 1 M glucose to the above solution cooled to room
temperat

2. 10X g g dye (10 ml)
3.9 ml cerol

500 ul SDS

200 pl M EDTA
0.025 mophenol blue
0. 025 ylene cyanol

Add water to 10 ml
3.
zvlc acid
ris-base, pH 8.5.
4. LB m |um

259 |IIer (FisherScientific; Cat # BP1425)
Add water nd autoclave

5. LB A !EEEE
1259 *roth yllller (FisherScientific; Cat # BP1425)

759 A r, CAT BP1423-500)

5 and autoclave.

Add w,
6. HIB
rt Infusion Broth (BD Biosciences; Cat # DF0038-17-7)
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Add water to 1 L and autoclave

7. HIA(0.5L):
12.5Hart Infusion Broth (BD Biosciences; Cat # DF0038-17-7)
759

Add weﬂerm and autoclave
8. 2X HI

(Fisher, Cat # BP1423-500)

‘l.!
S5
=

25¢ rt Infusion Broth (BD Biosciences; Cat # DF0038-17-7)
een-80 (0.4%)
Add wate .o¢f and autoclave
9. HTGS (50 ml)
25 mi s erlle 2X HIBTW

10 ml 10% glycine (sterile-filtered)

15 ml m/ sucrose (sterile-filtered)

COMMENTARY

Background Information

Discovﬁbs and Loffler as the causative agent of diphtheria (Murphy, 1996), the
Gram-positive club-shaped bacillus C. diphtheriae secretes a potent binary toxin called
diphtheria toxin, comprised of the active toxin A subunit and the B subunit that binds to the
EGF-like wctor (HB-EGF) on human epithelial cells (Rogers, Das, & Ton-That, 2011).

This pathogegsalso produces covalently-linked pili assembled by the conserved sortase
enzymes Mandlik, Das, & Ton-That, 2011; Mandlik, Das, & Ton-That, 2008;
Mandlik, areVnski, Das, & Ton-That, 2007; H. Ton-That & O Schneewind, 2003). These

pili mediat ial adherence to pharyngeal epithelial cells (Mandlik et al., 2007) and are
critical forfoacterial virulence in experimental models of infection (Broadway et al., 2013;
Reard et al., 2015). Additional adhesins have also been identified (Hirata Jr et

al., 2008; MoreiraA, Mattos-Guaraldi, & Andrade, 2008; Ott et al., 2010), although their role in
bacterial virulence in vivo are not known.

Thus, while it is clear that diphtheria toxin and pili are the two major virulence factors
identified to date, a comprehensive view of corynebacterial adhesion/invasion, colonization
and persistence is far from certain. It is noteworthy that C. diphtheriae has been an excellent

model Mulation and iron acquisition with the prototypical regulator DtxR and of
exotoxin with the archetypal diphtheria toxin (Tao, Schiering, Zeng, Ringe, & Murphy, 1994),
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as well as pilus assembly and oxidative protein folding in Gram-positive bacteria (Ramirez,
Das, & Ton-That, 2020; Reardon-Robinson & Ton-That, 2016; Siegel, Liu, & Ton-That,
2016). Therefore, detailed protocols for genetic manipulations in C. diphtheriae described in
this unit“helpful to the scientific community.

Critical P @ rs

N
Constructs' n of complementing and deletion mutant strains

In cloningfithe m@lar ratio of insert to vector needs to be at least 5 to 1, if not 10 to 1 to yield

¢

satisfactorygligation. In crossover PCR reactions, two purified templates should be added in
equal mo unts. For colony-PCR to verify deletion mutants, it is important to avoid

contamination Wli\ E. coli or wild-type C. diphtheriae, which leads to false positives.

In @g primers for construction of gene deletion cassettes, attention is paid to
avoid potepii ar effects due to out-of-frame deletion. At the 5' end of primers R1 and F2,
the Tm om
additioE| GC-content of the C. diphtheriae genome poses problems for primer
design s high Tm, self-dimer formation, and secondary structures. This results in

unspecific amplifications in initial and crossover PCR reactions. A single product will be ideal

erlapping sequence should be similar to that of primers F1 and R2. In

in each p; otherwise, PCR buffer modification, e.g. addition of DMSO, MgCl,,

1

optimizati nealing temperatures by gradient PCR, and primer redesign, are highly

0

recommend€@*Furthermore, DNA purification by gel extraction can be used to obtain

specific teuplates.

I

RNA preparation

UL

When worjs RNA, handle samples with care to minimize RNase contamination and
RNA degradatiogg RNA yield may vary, depending on growth phase. To ensure all bacterial
cells ar; it is important not to use more than 1 x 10° bacterial cells in the indicated
volume. rmore, DNA contamination should be avoided if the extracted RNA is used for
gPCR.

A
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Anticipated Results and Troubleshooting

Basic PWand 2
The conc gel-purified vectors, e.g. pCGL0243, is typically from 10 to 20 ng/ul or

less, dfe @M@WRefficiency of gel extraction for large DNA molecules. In order to reach the
molar ratih 1 (insert to vector), the concentration of purified inserts needs to be at
least 30 | ordhigher, especially for the size of insert greater than 2 kb. We noticed that
ligation remoerformed at 16°C overnight yield better results than at room temperature.

The transformation procedure with pCGL0243 derivatives, i.e. with inserts, typically yields 3

el

to 4 x 10* CFUW) per ng DNA. This efficiency is reduced with larger inserts, so more

competen d DNA are needed.

N

C R is useful for initial screening of gene deletion mutants and transformants

a

harboring Téc inant vectors. However, conventional PCR with chromosomal DNA as

template ded for confirmation, as colony PCR may produce false-positive results.

M

Additio stion with restriction enzymes is recommended to verify inserts, and

western blot and northern blot analyses are needed for confirming deletion mutants.

In ation, roughly 50 co-integrates can be obtained following 2-3 days of

ar

incubation¥ prove efficiency, more cells can be used for plating after the conjugation

step betw€en E. coli and C. diphtheriae. Secondly, conjugation efficiency can also be

£

improved Ry optigizing the cell number of the donor and recipient.

{

In allelic @change, this procedure would generate an equal population of wild-type

U

and mutant , in theory. If a gene of interest encodes a factor important for a cellular

process pe alleles are obtained more often than the mutant ones in the screening

A
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step by colony-PCR. Therefore, a considerable number of colonies should be screened, e.g.

30-50. If more than 100 colonies are screened with all yielding wild-type alleles, it is most

{

likely thatthis gene is essential. A conditional gene deletion may be employed.

In
]

ug/ul. RNA quality is determined via Azso/Azso and Agso/Azzp measurements, and considered

on, the procedure typically yields 20-40 ug at a concentration of 0.5-1

P

to be googwiththese values of ~2.0 and ~1.4, respectively. Extra cleaning with DNAase or

re-purificatio needed if contamination occurs.

Basic Pro

USG

One transposition reaction with roughly 80 ng of Tn5 Transposome typically yields 45,000 to

F]

50,000 ¢ i This efficiency can be improved by optimizing conditions to make better

competen d transposome.

d

Time ons

\

For Ba Is 1 and 2, generation of a deletion mutant can take 2 to 3 weeks;
construction of a gene deletion cassette is generally a rate-limiting step. The cloning
procedureywould take a week. Normally, RNA purification can be finish within a few hours.
For Tn5 tr ition in Basic Protocol 3, the entire procedure would take less than 3 days.
To individu ore Tn5 clones in 96-well plates, extra time and lab personnel are needed.

I

0
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Figure Legends

Figure 1: \Vegtor and procedure used for generation of a gene deletion cassette. (A)
PresentebsacB, a non-replicating vector in C. diphtheriae used to generate
gene dele s in this organism. This vector contains a kanamycin resistant gene
(KmR), sacBmmmtiple cloning sites (MCS) within a /acZa fragment, and origins of replicon
oriV and afiT; adapted from (H. Ton-That & O. Schneewind, 2003). (B) To delete a gene of
sets of primers (F1/R1 and F2/R2) are designed for two PCR reactions
hat generate 1-kb fragments A and B, respectively. Restriction enzyme
sites are i ted into primers F1 and R2 (orange and pink). Primers R1 and F2 contain

a complermjsequence permitting annealing of fragments A and B to produce fragment

AB duringgthegsthitél PCR reaction with primers F1 and R2.

A EcoRl
‘\‘\0‘5 Smal
BamHI
vac* Xbal
%
+ Sall
Pstl
K19mobsacB
P 566 kb Sehl
Hindlll
B F1 F2
S S
AN -
R1 R2
PCR1¢F1/R1 PCR2¢F21R2
Fragment A Fragment B
PCR3 ¥ F1/R2
Fragment AB

Autl
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Figure 2: Vectors for complementation in C. diphtheriae. (A) The E.
co/i/CoMum shuttle vector pCGL0243 contains a kanamycin-resistant gene (aphlll),
origins of repli oripBL1, oriM13 and oripACY 184, and multiple cloning sites (MCS). (B)
pCLG0243, pCGL0482 harbors a chloramphenicol-resistant gene (cat)
patures of the former plasmid. (C) The integration plasmid pK-KIM
contains askamamycin-resistant gene, MCS, integrase, and origins of replicon oriT RP4 and

oripUC19!

A BamHI (85)
MCS—— ] Xmal (91)
. Smal (93)
oripACYC184 an (aphill | Psti (101)
Stul (103)
Xhol (105)
o1 3/ Bglll (109)
Sall (130)
pgg;gi“ Aatll (131)
‘ P HindlIl (145)
onpBL1 %, '
replicase
B BamHi (85)
MCS Xmal (91)
Smal (93)
Pstl (101)
0ripCGL0243 cat Stul (103)
Xhol (105)
Bglll (109)
Sall (130)
pCGLO482 Aatll (131)
6,241 bp
replicase
Cc
EcoRlI
Sehl "1 attP
oripuC19 EcoRlI
Pmil
integrase | Notl
Sacll
Apal
Bglll
kan (aph) Spel
Hpal
oriT RP4 Acll
Pacl
MCS————— 1 sacl

Autr
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